Abstract -Bombyxins have been i s o l a t e d from t h e heads silkworm, Bombyx a, and s t i m u l a t e t h e a d u l t formation of t h e debrained pupae of Cynthia r i c i n i . bombyxins a r e t h e f i r s t i n s u l i n -r e l a t e d p e p t i d e s i s o l a t e d from t h e i n v e r t e b r a t e animal.
INTRODUCTION
I n 1917, Kopec f i r s t described t h e e n d o c r i n o l o g i c a l f u n c t i o n of i n s e c t b r a i n i n t h e metamorprhosis.
U n t i l e a r l y -l 9 5 0 ' s , t h e r o l e of a b r a i n hormone, p
r o t h o r a c i c o t r o p i c hormone (PTTH), i n t h e i n s e c t metamorphosis had been e s t a b l i s h e d . In 1958, Kobayashi and Kirimura reported t h a t t h e a d u l t formation of by i n j e c t i n g t h e b r a i n e x t r a c t of Bombyx pupae. Soon a f t e r t h a t , Ichikawa and I s h i z a k i showed t h a t t h e e x t r a c t of Bombyx pupal b r a i n s provoked t h e a d u l t formation of t h e b r a i n l e s s dormant pupae of I n e a r l y -l 9 7 0 ' s , we have s t a r t e d c o l a b o r a t i n g t o i s o l a t e PTTH a c t i v e t o t h e b r a i n l e s s -
pupae ( r e f . 1). S t a r t i n g with l a r g e amounts of t h e silkworm heads, we have succeeded i n i s o l a t i n g PTTH a c t i v e t o pupae i n 1982 ( r e f . 2 ) . I n t h e course of p u r i f i c a t i o n of PTTH, we have confirmed t h a t t h e e x t r a c t of Bombyx heads c o n t a i n s two s p e c i e s -s p e c i f i c PTTHs, one (temporarily termed 22k-PTTH) i s a c t i v e t o t h e b r a i n l e s s Bombyx pupae and o t h e r ( r e c e n t l y termed bombyxin) a c t i v e t o t h e debrained pupae ( r e f . 3 ) . Recently, we have i s o l a t e d t h r e e molecular s p e c i e s of bombyxins, bombyxin-I, -11 and -111, and determined t h e whole amino a c i d sequence of bombyxin-11, which i s suggested t o be t h e f i r s t i n s u l i n -r e l a t e d peptide i s o l a t e d from t h e i n v e r t e b r a t e animal ( r e f . 4 and 5 ) .
b r a i n l e s s pupae of Bombyx mori was occured Cynthia r i c i n i and t h a t t h e a c t i v e p r i n c i p l e should be p r o t e i n i c .
ISOLATION AND CHARACTERIZATION
For p u r i f i c a t i o n of bombyxins, t h e bioassay was made by using t h e b r a i n l e s s dormant pupae of -S. Cynthia r i c i n i and t h e t i t e r s of bombyxins were q u a n t i f i e d by -u n i t ; one u n i t was defined as t h e minimal dose of bombyxins necessary t o cause t h e a d u l t formation i n an assay pupa ( r e f . 1).
The s t a r t i n g m a t e r i a l s f o r e x t r a c t i n g bombyxins were t h e a d u l t heads of g . a, which were e a s i l y c o l l e c t e d i n l a r g e amounts by a simple o p e r a t i o n c u t t i n g t h e heads with a r a z o r blade. The p u r i f i c a t i o n procedure i s summerized i n Fig. 1 ( r e f . 6). The f i r s t 8 s t e p s c o n s i s t e d of simple p r e c i p i t a t i o n s , by which we could overcome t h e disadvantage of using t h e whole heads of Bombyx a d u l t s a s s t a r t i n g m a t e r i a l s i n s t e a d of t h e b r a i n s , and from s t e p 9 t o 1 4 t h e conventional chromatographieere used.
The f i n a l s t e p was a reversed phase high performance l i q u i d chromatography (HPLC) using P a r t i s i l ODs-3 column t o a f f o r d t h e i s o l a t i o n of bombyxin-I.
Develosil ODs-5 column.
The y i e l d s of bombyxin-I, -11 and -111 were 50, 36 and 63 ug, r e s p e c t i v e l y , from about 650,000 Bombyx a d u l t heads and each bombyxin was a c t i v e t o a b r a i n l e s s pupa a t a dose of 0.1 t o 0.4 ng (0.1 t o 0.4 ng/S& u n i t ) .
Then, t h e o v e r a l l p u r i f i c a t i o n was about 1 . 7 x lo6 f o l d .
100 ul of t h e c u l t u r e medium of a p r o t h o r a c i c gland taken out f r e s h l y ecdysed pupa, t h e ecdyson r e l e a s e from t h e p r o t h o r a c i c gland was markedly increased, t h r e e times a s much as t h a t of c o n t r o l .
Bombyxins were suggested t o be heterodimeric p e p t i d e s connected by d i s u l f i d e bonds w i t h molecular weight of 4 t o 5 kDa.
were determined by a gas phase p r o t e i n sequencer and c y s t e i n r e s i d u e s were confirmed through sequencing t h e S-carboxamide methyl d e r i v a t i v e s , i n d i c a t i n g t h e homology i n t h e s e bombyxins.
Bombyxtn-I1 and -111 were a l s o i s o l a t e d by a reversed phase HPLC using 
i t i o n s and t h e b i o l o g i c a l f u n c t i o n of bombyxins can t o l e r a t e t h e s e amino a c i d s u b s t i t ut i o n , because t h r e e bombyxins show a l m o s t same l e v e l of b i o l o g i c a l a c t i v i t y ( r e f . 4 ) .
1.
.
3.
4.
5. 6. 7 . 8 . 9 .
10.
11. 64f,OOO Male a d u l t Bombyx heads (fw. 4 . 8 6 k g ) Ace tone powder Washing w i t h 8 0 % e t h a n o l E x t r a c t i o n w i t h 2 % s a l i n e Heat t r e a t m e n t P p t . w i t h 8 0 % s a t d . ammonium s u l f a t e Pp;. w i t h 50-75% a c e t o n e p p~. w i t h 9 0 % s a t d . 
Amino terminal amino a c i d sequences of bombyxin-I, -11 and -111

A M I N O ACID SEQUENCE OF B O M B Y X I N -I I
Bombyxin-I1 was r e d u c t i v e l y a l k y l a t e d t o y i e l d t h e carboxamide m e t h y l d e r i v a t i v e , which was s e p a r a t e d i n t o two p e p t i d e s , A and B c h a i n p e p t i d e s , by HPLC, i n d i c a t i n g t h a t bombyxin-I1 was a h e t e r o d i m e r i c p e p t i d e , i n whichA and B c h a i n s were connected w i t h d i s u l f i d e bonds. combination o f enzymatic d i g e s t i o n w i t h t r y p s i n , a-chymotrypsin and p y r o g l u t a m i n a s e , and sequencing t h e r e s u l t e d f r a g m e n t a l p e p t i d e s ( r e f . 5 ) .
The c a r b o x y l t e r m i n a l amino a c i d sequences of b o t h p e p t i d e s were confirmed by t h e r e s u l t s of c a r b o x y p e p t i d a s e
To determine t h e mode of d i s u l f i d e bonds, bombyxin-I1 was d i g e s t e d w i t h thermolysin t o g i v e f i v e fragments, Thl -5.
Since Th4 and 5 c o n t a i n e d only one d i s u l f i d e bond, t h e d i s u l f i d e bond,.Azo-B 2 2 , was unequivocally e s t a b l i s h e d .
Because Th3 c o n t a i n e d two d i s u l f i d e bonds, t h e r e were t h r e e p o s s i b l e s t r u c t u r e s , ( a ) , (b) and ( c ) , f o r Th3.
All of t h e s e t h r e e u e u t i d e s were s y n t h e s i z e d and compared w i t h Th3 by HPLC, i n d i c a t i n g t h a t Th3 was c o e l u t e d u i t h p e p t i d e ( b ) .
be As -A l l and A, -B l o and t h e whole amino a c i d sequence of bombyxin-I1 was determined along w i t h t h e mode of t h r e e d i s u l f i d e bonds, which was e x a c t l y t h e same as t h a t of i n s u l i n ( r e f . 7 ) .
Thus t h e d i s u l f i d e bonds were e s t a b i l i s h e d t o Fig. 4
T h e m o l y s i n d i g e s t i o n of bombyxin-I1 and p o s s i b l e s t r u c t u r e s f o r t h e f r a g m e n t a l p e p t i d e , Th3
The whole amino a c i d sequence of bombyxin-I1
The s y n t h e s i s of bombyxin-I1 was attempted t o confirm i t s amino a c i d sequence. The p r o t e c t e d A and B c h a i n p e p t i d e s were s y n t h e s i z e d by a p e p t i d e s y n t h e s i z e r of Applied Biosystems.
A f t e r deblocking, t h e f r e e A and B chain p e p t i d e s were combined, reduced w i t h d i t h i o t h r e i t o l and reoxidazed w i t h a i r t o a f f o r d bombyxin-I1 i n a y i e l d of 4%. p e p t i d e maps of t h e thermolysin d i g e s t s of t h e n a t u r a l and s y n t h e t i c bombyxin-I1 were completely i d e n t i c a l . F u r t h e r t h e s y n t h e t i c bombyxin-I1 showed almost t h e same a c t i v i t y t o t h e a s s a y pupae as t h e n a t u r a l one. s y n t h e t i c a l l y confirmed ( r e f . 7).
The Thus t h e amino a c i d sequence of bombyxin-I1 was
B O M B Y X I N S BELONG TO I N S U L I N FAMILY PEPTIDES
The most s t r i k i n g f e a t u r e of bombyxins i s t h e homology w i t h i n s u l i n ; t h e homology i n A c h a i n i s approximately 50% and t h a t of B chain about 40%.
In a d d i t i o n , t h e mode of t h r e e d i s u l f i d e bonds are completely i d e n t i c a l w i t h each o t h e r and t h e hydrophobic c o r e r e s i d u e s
i n bombyxin-11, A2 ( I l e ) , A l s (Leu), B14 (Leu) and B l a (Leu), are a l s o i d e n t i c a l w i t h t h o s e of i n s u l i n . The g l y c i n e r e s i d u e s , which may c o n t r i b u t e t o t h e f o l d of p e p t i d e c h a i n s , a t A,, B l l and B Z 6 i n bombyxin-I1 i s homologous w i t h t h o s e of i n s u l i n .
Based upon t h e s e f a c t s , a t h r e e dimensional model of bombyxin-I1 h a s been c o n s t r u c t e d u s i n g computer g r a p h i c s , showing t h a t bombyxin-I1 can assume an i n s u l i n -l i k e t e r t i a r y s t r u c t u r e ( r e f . 8 ) .
Recently t h e gene coding a bombyxin h a s been cloned u s i n g & Bombyx gene l i b r a r y and s y n t h e t i c DNA probe and t h e DNA sequence of t h e bombyxin gene i n d i c a t e s t h a t bombyxin are bios y n t h e s i z e d i n t h e form of p r e p r o p e p t i d e followed by p o s t -t r a n s l a t i o n a l p r o c e s s i n g ( r e f . 9 ) .
Thus bombyxins can be considered t o be a member of t h e i n s u l i n f a m i l y p e p t i d e s .
I n s p i t e of c o n s i d e r a b l e homology, i n s u l i n was i n a c t i v e t q t h e a d u l t formation of b r a i n l e s s Sarnia pupa even a t a dose of 1 ug, l o 4 times as much a s t h e minimal a c t i v e dose of b o m m s , and bombyxins f a i l e d t o r e a c t w i t h guinea p i g antibody of p o r c i n e i n s u l i n . Bombyxins and i n s u l i n family p e p t i d e s might have a r i s e n from a common a n c e s t r a l gene, which must be c o n s i d e r a b l y conserved d u r i n g t h e e v o l u t i o n t o i n s e c t s and mammals w i t h d i f f e r e n t f u n c t i o n s .
From t h i s view p o i n t , i t i s worthy of n o t e t h a t t h e presence of t h e gene coding an i n s u l i n -r e l a t e d p e p t i d e i n Mollascan, termed mollascan i n s u l i n -r e l a t e d p e p t i d e (MIP) has r e c e n t l y been r e p o r t e d i r r e s p e c t i v e o f t h e b i o l o g i c a l f u n c t i o n s (ref. 10).
